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SPECIFICATION 



SLIDING BEARING 

TECHNICAL FIELD 

The present invention relates to a sliding bearing, and more 
particularly, to a sliding bearing comprising a bearing alloy layer and 
an overlay layer disposed on the surface of the bearing alloy layer 
and formed by a solid lubricant and a resin. 
BACKGRONUD ART 

A sliding bearing is known in the art which comprises an 
overlay layer disposed on the surface of a bearing alloy layer and 
formed by a solid lubricant and a resin, as disclosed in Japanese 
Patent No.3133209 (hereafter referred to as patent literature 1) and 
Japanese Laid Open Patent Application No.2002-61652 (hereafter 
referred to as patent literature 2). 

In these patent literatures 1 and 2, the provision of the 
overlay layer improves the fitting property between the sliding 
bearing and a rotary shaft and a seizure resistance thereof by a 
plastic deformation of the overlay layer. 

However, in sliding bearings constructed according to the 
patent literatures 1 and 2. the surface of the overlay layer assumes 
an irregular configuration in actuality because the overlay layer is 
sprayed on as by an air spray and then merely set under heat. 

Consequently, when the rotary shaft is subject to a high speed 
rotation, the irregularly configured surface of the overlay layer 
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cannot distribute a lubricant oil evenly, presenting problems that the 
seizure resistance may be degraded and/or a plastic deformation of 
the overlay layer resulting from the contact of the surface of the 
overlay layer with the rotary shaft may become uneven to result in an 
insufficient fitting property. 
DISCLOUSERE OF THE INVENTION 

In view of the foregoing problems, the present invention 
provides a sliding bearing having an excellent seizure resistance and 
a fitting property response if a rotary shaft is subject to a high speed 
rotation. 

Specifically, in a sliding bearing comprising a bearing alloy 
layer and an overlay layer spread on the surface of the bearing alloy 
layer and formed by a solid lubricant and a resin, a sliding bearing 
according to the present invention is characterized in that a regular 
uneven configuration is formed on the surface of the overlay layer 
and the bearing alloy layer has a surface at the boundary with the 
overlay layer which is machined to be a flat surface having a fine 
roughness. 

According to the present invention, a regular uneven 
configuration is formed on the surface of the overlay layer to secure a 
lubricant in the recesses of the uneven configuration to prevent the 
sliding bearing from assuming a high temperature, thus improving 
the seizure resistance. Since the bearing alloy layer has a surface at 
the boundary with the overlay layer which is machined to be a flat 
surface having a fine roughness, the overlay layer has a uniform 
cross-sectional configuration at all convex areas in the uneven 
configuration, whereby stresses applied from the rotary shaft to the 

-2- 



individual convex areas are also uniform, allowing all of the convex 
areas to be subject to a uniform plastic deformation, thus improving 
the fitting property response of the sliding bearing. 
BRIEF DESCRIPTION OF THE DRWAINGS 

Fig. 1 is an enlarged axial section of a sliding bearing; 

Fig. 2 graphically shows results of an experiment, 
illustrating the seizure resistance according to the present invention; 

Fig. 3 graphically shows results of an experiment, 
illustrating the fitting property response according to the present 
invention; 

Figs. 4(a)'-(f) are developed views of spilt halves of sliding 
bearings according to other embodiments of the present invention; 
and 

Figs. 5(a)'-(h) are cross sections illustrating the uneven 
configuration of other embodiments of the present invention; 
BEST MODES FOR CARRING OUT THE INVENTION 

Several embodiments of the present invention shown in the 
drawings will now be described. Fig. 1 is an enlarged axial section of 
a cylindrical sliding bearing 1. The sliding bearing 1 comprises a 
metal backing layer, not shown, a bearing alloy layer 2 formed on the 
surface of the metal backing layer which is located toward the axis of 
the sliding bearing 1, and an overlay layer 3 formed on the surface of 
the bearing alloy layer 2. 

The bearing alloy layer 2 is formed of an alloy which 
principally comprises a copper or an aluminium and has an inner 
peripheral surface which is machined to be a flat surface having a 
fine roughness and extending parallel to the axis of the sliding 
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bearing 1. The overlay layer 3 comprises M0S2 as a solid lubricant 
and PAI resin as a binder resin. The overlay layer 3 is sprayed onto 
the surface of the bearing alloy layer 2 which is machined to be a flat 
form as by an air spray, and is set under heat, thus initially forming a 
layer on the order 10~20^m. 

The surface of the overlay layer 3 is then machined to form a 
circumferentially extending helical groove 4 and an annular 
projection 5 which define an uneven configuration. The groove 4 
which represents a recess is arcuate in section, and is formed at a 
pitch P as is the annular projection 5 which represents a convex area 
located adjacent to the groove. 

It is to be noted that all the annular projections 5 are 
formed so that their crests are disposed at a given spacing with 
respect to the bearing alloy layer 2, and all the grooves 4 are formed 
to have a definite depth h. Accordingly, the configuration of the 
overlay layer 3 is uniform at each annular projection 5. 

With the sliding bearing 1 constructed in the manner 
mentioned above, a lubricant oil can be evenly distributed around the 
inner periphery of the sliding bearing 1 by providing the grooves 4 in 
a regular manner in the surface of the overlay layer 3 to allow the 
lubricant oil to pass therethrough. Accordingly, if a rotary shaft is 
subject to a high speed rotation, a temperature rise of the sliding 
bearing 1 can be alleviated, thus allowing an excellent seizure 
resistance to be obtained. 

By contrast, in a conventional sliding bearing, the surface of 
the overlay layer assumes an irregular configuration, which prevents 
a lubricant oil from being distributed evenly around the inner 
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periphery of the sliding bearing, resulting in a problem that portions 
of the rotary shaft may rise in temperature when it is subject to a 
high speed rotation. When a rotary shaft is journalled by the sliding 
bearing 1 of the present embodiment, the load from the rotary shaft is 
applied to the crests of the annular projections 5, but because the 
annular projections 5 are formed at a constant pitch, the annular 
projections 5 are subject to an equal pressure. In addition, because 
the overlay layer 3 assumes a similar configuration at each annular 
projection 5, the latter is subject to a plastic deformation in the 
similar manner, allowing an excellent fitting property response of the 
sliding bearing 1 to be obtained. 

By contrast, in a conventional sliding bearing, an irregular 
configuration of the surface of the overlay layer causes uneven 
pressures to be applied to the surface of the overlay layer when the 
rotary shaft is jounalled in the sliding bearing, causing an uneven 
plastic deformation of the overlay layer, resulting in an insufficient 
fitting property response. 

It is to be noted that when the surface of the bearing alloy 
layer 2 is not a flat surface having a fine roughness if the overlay 
layer 3 is formed on the surface bearing alloy layer 2 and the annular 
projections 5 are subsequently formed thereon, it follows that the 
configuration which the overlay layer 3 assumes at each annular 
projection 5 varies from projection to projection even if each annular 
projection 5 itself is configured in the similar manner. 

In this instance, if the pressure applied to each annular 
projection 5 is equal, a plastic deformation of the individual annular 
projections 5 occurs in a non-uniform manner, resulting in a non- 
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uniform contact between the rotary shaft and the deformed annular 
projections 5, which means that a satisfactory fitting property 
response of the sliding bearing 1 cannot be obtained. 

Suppose that annular projections were formed on the 
surface of the metal bearing alloy layer 2 in aliment with the 
locations of the annular projections 5 in a similar manner as on the 
surface of the overlay layer 3. In this instance, each annular 
projection 5 of the overlay layer 3 will be evenly subject to a plastic 
deformation. However, the degree of the plastic deformation which 
occurs in the overlay layer 3 is reduced, and hence a plastic 
deformation of the annular projections 5 will be reduced as compared 
to an arrangement in which the surface the bearing alloy layer 2 is 
machined to be flat, resulting in a failure to achieve a satisfactory 
fitting property response of the sliding bearing 1. 

An experiment has been conducted for the sliding bearing 1 
of the present embodiment. Two sliding bearings are used in the 
experiment, both including the bearing alloy layer 2 comprising an 
aluminium alloy. 

Of these sliding bearings, the sliding bearing according to 
the present invention has the bearing alloy layer 2 having a surface 
which is machined to exhibit a surface roughness of 2^mRz or less by 
shot blasting or etching. By contrast, the other sliding bearing 
according to the prior art has the bearing alloy layer 2, the surface of 
which is not machined in any particular manner to provide a flat 
surface. 

An overlay layer 3 comprising PAI resin including 40% of 
M0S2 and having a thickness of 6jim is formed on the surface of the 
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bearing alloy layer of either the sliding bearing according to the 
present invention and the conventional sliding bearing. Grooves 4 are 
formed into the surface of the overlay layer 3 of the sliding bearing 
according to the present invention as by a boring operation to a depth 
of h=2fim at a pitch of P=200jim while no such boring operation is 
applied to the surface of the overlay layer 3 of the conventional 
sliding bearing. 

Fig. 2 graphically shows results measured with a rotary load 
testing machine for the seizure resistance of the sliding bearings 
according to the invention and according to the prior art. The test 
took place under conditions that the peripheral speed of the rotary 
shaft at the surface of a sliding contact between the sliding bearing 1 
and the rotary shaft is equal to 17.6m/s, the load applied to the 
sliding bearing 1 is equal to 29MPa and the temperature of the 
lubricant oil supplied between the sliding bearing 1 and the rotary 
shaft is equal to 140**C. The experiment mentioned above yielded 
results of test shown in Fig. 2 where it is noted that the temperature 
of the sliding bearing 1 according to the present invention can be 
suppressed below 180''C while the temperature of the sliding bearing 
1 of the prior art exceeds 180°C. Thus it is seen that a better 
lubrication by the lubricant oil takes place in a more favorable 
manner in the sliding bearing 1 according to the present invention as 
compared with a conventional sliding bearing, thus providing an 
excellent seizure resistance. 

Fig. 3 graphically shows a result of determination of the 
fitting property response of the sliding bearings 1 according to the 
present invention and according to the prior art which took place 
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with a superhigh pressure testing machine. The test took place at a 
load applied to the sliding bearing 1 which is equal to 29MPa, at the 
temperature of the lubricant oil supplied to the sliding bearing 1 
which is equal to 140''C, at the peripheral speed of the rotary shaft at 
the surface of sliding contact between the sliding bearing 1 and the 
rotary shaft which is decreased gradually from 2.7m/s to 0.7m/s at a 
rate of 0.2m/s over a time interval of ten minutes, and the 
determination is started at a time interval of 20 minutes from the 
commencement of operation of the superhigh pressure testing 
machine to determine a change in the coefficient of friction. It will be 
understood that the smaller a change in the coefficient of friction as 
the peripheral speed is reduced, the better the fitting property 
response. 

Fig. 3 graphically shows results of this experiment where 
the ordinate represent the coefficient of friction between the sliding 
bearing 1 and the rotary shaft and the abscissa time elapsed. With 
reference to a graph indicating the response of the prior art product, 
a sharp rise in the coefficient of friction indicates the instant when 
the peripheral speed of the rotary shaft is decreased. It is seen from 
results of this experiment that with the prior art sliding bearing, the 
peak in the coefficient friction rises higher as the peripheral speed is 
decreased while in the sliding bearing according to the present 
invention, a rise in the coefficient of friction is not so high. 

Accordingly, it could be concluded that the sliding bearing 1 
according to the present invention exhibits a more excellent fitting 
property response as compared with the sliding bearing of the prior 
art. This is attributable to the fact that the pressure applied to the 

-8- 



surface of the overlay layer is more even, accompanying an even 
plastic deformation of the annular projections. 

Fig. 4 shows uneven configurations of sliding bearings of 
other embodiments which are different from the uneven configuration 
mentioned above. Each view represents a developed view of the 
sliding bearing 1 as viewed from the inner periphery thereof, 
illustrating patterns for the uneven configurations. 

In these sliding bearings 1 also, the surface of the bearing 
alloy layer 2 is machined to be a flat surface having a fine roughness, 
and the overlay layer 3 is formed on the surface of the bearing alloy 
layer 2 after the bearing alloy layer 2 has been machined. 

In Figs. 4(a) and (b), regular grooves are' formed over the 
entire surface of the sliding bearing 1 as the uneven configuration, or 
circular or rectangular openings 6 may be formed as the regular 
uneven pattern as indicated in Figs. 4(c) and (d). In addition, the 
regular uneven configuration may be provided only in a region of the 
bearing which undergoes a severe load as shown in Figs. 4(e) and (f). 

Fig. 5 shows cross sections which are contemplated for the 
regular uneven configurations. It is to be noted that parts 
corresponding to those shown for the sliding bearing 1 of the first 
embodiment are designated by like numerals. 

It will be seen from these Figures that in contradistinction 
to the first embodiment, the configuration of the annular projection 5 
may be triangular or arcuate as shown in Fig. 5(a) or (b), or a flat 
surface may be formed on the crest of the annular projection 5 as 
shown in Fig. 5(c) or (d). Alternatively, as shown in Fig. 5(e), when 
forming the uneven configuration, not only the overlay layer 3, but 
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the bearing alloy layer 2 may also be cut so as to expose the bearing 
alloy layer 2 at the bottom surface of the groove 4. 

As further alternatives, when the openings 6 as indicated in 
Figs. 4(c) and (d) are used, configurations may be contemplated which 
provide arcuate bottom surfaces as shown in Figs. 5(f) and (g) or a 
flat bottom surface as shown in Fig. 5(h). 

It is to be noted that the regular uneven configuration is 
formed by a transfer process rather than a boring process used in the 
first embodiment. 

It should be understood that the configurations shown in 
Figs. 4 and 5 are only examples, and that these configurations can be 
suitably changed depending on the direction of rotation of the rotary 
shaft or other conditions. 

While the regular uneven configuration is formed by a 
boring process in the first embodiment, a transfer process may be 
used as employed for the sliding bearings 1 shown in Figs. 4 and 5; 

While PAI resin containing 40% of MoSg is used for the 
overlay layer in the experiment, it is also possible to use PAI resin or 
PI resin containing as additions one or more of MoSg, graphite, 
BN (boron nitride), WSg (tungsten disulfide), PTFE 
(polytetrafluoroethylene), fluorinated resin, and Pb. 
AVAILABILITY IN INDUSTRIAL USE 

In accordance with the present invention, a regular uneven 
configuration is formed on the surface of the overlay layer to allow a 
lubricant oil to be secured in recesses of the uneven configuration to 
enable a seizure resistance to be improved. In addition, since the 
bearing alloy layer is machined to be a flat surface having a fine 

- 10- 



roughness on its surface which represents a boundary with the 
overlay layer, individual projections are subject to a plastic 
deformation in an even manner, allowing the fitting property 
response of the sliding bearing to be improved. 



